Background: The Eurolight project assessed the impact of headache disorders in ten EU countries, using the same structured questionnaire but varying sampling methods. In Lithuania, sample selection employed methods in line with consensus recommendations for population-based burden-of-headache studies. Methods: The survey was cross-sectional. We identified, from the Residents' Register Service, a sample of inhabitants of Kaunas city and surrounding Kaunas region reflecting age (in the range 18-65 years), gender and rural/urban distributions of Lithuania. Medical students called unannounced at their homes and conducted face-to-face interviews employing a structured questionnaire. Results: Of 1137 people in the pre-identified sample, 573 (male 237 [41.4%], female 336 [58.6%]; mean age 40.9 ± 13. 8 years) completed interviews (participation proportion: 50.4%). Gender-adjusted 1-year prevalences were: any headache 74.7%; migraine 18.8%; tension-type headache (TTH) 42.2%; all headache on ≥15 days/month 8.6%; probable medication-overuse headache (pMOH) 3.2%. Migraine (OR: 3.6) and pMOH (OR: 2.9) were associated with female gender. All headache types except TTH were associated with significantly diminished quality of life. Migraine caused a mean 4.5% loss in paid worktime per affected male and 3.5% per affected female. Lost per-person times due to TTH were much less, but to pMOH and other headache on ≥15 days/month much higher. Among the entire workforce, lost productivity to migraine was estimated at 0.7%, to TTH 0.3% and to pMOH or other headache on ≥15 days/month 0.5%. The total of 1.5% may translate directly into lost GDP. Alternative calculations based on headache yesterday (with little recall error) produced, for all headache, a corroborating 1.7%. Similar losses from household work would also drain the nation's economy. Our findings were comparable to those from earlier studies using similar methods in Russia and Georgia.
Background
The World Health Organization (WHO) recognised headache disorders as major contributors to public ill health, and therefore a public-health priority, in 2000 [1, 2] . Among these disorders, migraine and tension-type headache (TTH) are often lifelong illnesses which, as well as causing pain and disability, also diminish productivity, hinder family and social relationships and impoverish quality of life (QoL). Medication-overuse headache (MOH), usually a sequela of migraine or TTH caused by mistreatment of one or the other, occurs by definition on most days and is especially damaging to QoL.
Epidemiologically, many published studies demonstrate that headache disorders are ubiquitous and common [3] . Most of these studies, however, have focused on prevalence to the exclusion of burden. Consequently, they provide data of only limited value for purposes of health policy.
The Global Campaign against Headache was launched in 2004 [4] . Conducted by Lifting The Burden (LTB), a UK-registered non-governmental organisation in official relations with WHO [5] , its first priority was to fill the major gaps in knowledge of the global burden of headache [6, 7] . For this purpose, LTB developed standardised methodology for population-based studies [8, 9] , supported such studies in countries around the world [10] , and contributed the data to various iterations of the Global Burden of Disease (GBD) study [11] [12] [13] . Migraine became recognized as the sixth highest cause of disability worldwide [12] (third in men and women aged under 50 years [14, 15] ), MOH as 18 th and headache disorders collectively as third [12, 14] . TTH, relatively non-disabling, is nonetheless now known to be the second most prevalent disorder in the world [12] .
In Europe, meanwhile, despite many studies reporting migraine prevalence, there were still major knowledge gaps regarding TTH and MOH, and for all headache types there were few published data on headache-attributed burden [16, 17] . Furthermore, eastern Europe, and especially the countries of the former USSR, were very poorly represented among these [16, 17] . LTB addressed this with population-based studies in Georgia [18, 19] and Russia [20, 21] , and Lithuania was included in the Eurolight Project [22] .
Eurolight commenced in May 2007 as a partnership activity within the Global Campaign against Headache. Its purpose was to inform policy in the European Union (EU) by assessing the impact of headache. It looked at the EU as a whole, and applied modified clustersampling to it with samples drawn from 10 countries [22] . Multiple scientific and lay organisations collaborated with headache experts in these countries, and not all were able to draw population-based samples. In Lithuania alone, the survey was conducted in a sample drawn from public records to be representative of the national population, with each selected participant visited at home. These procedures came close to matching the recommended methodology for population-based burden-of-headache studies [8] . For this reason, we present the Lithuania findings as national estimates.
Methods

Study design
The detailed methods of the Eurolight Project have been published elsewhere [22] . We summarise them here. Eurolight was a cross-sectional survey of randomlyselected adults aged 18-65 years, using a structured questionnaire.
The survey in Lithuania was conducted from 1 st December, 2009 to 31 st March, 2010.
Sampling
In Lithuania, the survey was population-based, conducted among inhabitants of Kaunas city, the second largest city of Lithuania, and the surrounding areas of Kaunas region in the central part of the Republic. The population of Kaunas region exceeds 420,000 (about 14% of the national population), of whom >90% are ethnic Lithuanians; 80% live in the city and 20% in its surroundings. From the Residents' Register Service, at the time under the auspices of the Ministry of the Interior but now the Ministry of Justice [23] , we identified a sample (N = 1,137) reflecting age (in the range 18-65 years) and gender distributions in Lithuania and the proportions living in rural (33%) or urban (67%) areas. Seven trained medical students from the Lithuanian University of Health Sciences visited the home of each person in this sample, calling unannounced ("cold-calling"). At each house, only the person who had been preidentified was eligible to participate. Interview was subject to that person's availability and willingness to participate; if the eligible person was not found during the first visit, at least one additional attempt was made to conduct the interview before that person was regarded as a non-participant.
Questionnaire
The development, content and validation of the Eurolight structured questionnaire, a close derivative of the HARD-SHIP questionnaire [9] , have been described previously [24] . The original English version was translated into Lithuanian following LTB's translation protocol for lay documents [25] .
Demographic questions were followed by neutral screening questions for headache ("Have you ever had a headache?" and "Have you had a headache during the last year?") and, in those screening positively, by headache-diagnostic questions based on ICHD-II [26] . We also asked about headache on the preceding day ("headache yesterday" [HY] ). Finally, there were several question sets addressing various components of burden, including symptom burden. As part of the enquiry into burden, we incorporated the HALT questionnaire [27] and as modules in our questionnaire. We applied WHOQoL-8 to all participants, whether reporting headache or not.
Burden enquiry focused primarily on the preceding 3 months (except WHOQoL-8, which addressed the preceding 4 weeks). Additionally, in order to obviate recall error [8, 9] , we assessed burden on the preceding day: in respect of HY, we enquired into duration and intensity of the headache, and lost productivity as a consequence of it.
Diagnosis
Only one headache type was diagnosed in each participant (the most bothersome when more than one was identified).
According to the algorithm used to convert questionnaire responses to diagnoses [9] , headache occurring on ≥15 days/month was first set aside from episodic headaches (frequency <15 days/month), and diagnosed according to reported acute medication consumption either as probable MOH (pMOH) or other headache on ≥15 days/month. To the episodic headaches, definite migraine criteria were first applied, then, in order, those of definite TTH, probable migraine and probable TTH [26] . For purposes of prevalence and burden estimations, definite and probable migraine were considered together as migraine, as were definite and probable TTH as TTH. A small minority of headaches remained unclassifiable.
When a participant reporting HY described one type of headache only, we assumed HY was of this type. Of those describing more than one type, we asked whether HY was of the same type as the most bothersome headache. Otherwise there was no diagnostic enquiry into HY, because this is problematic for a single episode.
Analysis and statistics
Analyses were performed using SPSS/PC version 20.0 software packages for statistical analysis (SPSS, INC, Chicago, IL) and Excel Professional Plus 2010 Version 14.0.7166.5000.
We described categorical variables in terms of frequency (n) and proportions (%), with 95% confidence intervals (CIs) where appropriate. We summarised continuous variables as means ± standard deviations (SDs), with medians and quartiles when distributions were highly skewed. We recorded gender, age, employment, marital status and incomes of participants, the last in Lithuanian litas (LTL) which we converted to United States dollars (USD) at the exchange rate of the time (USD 1.00 = LTL 2.22). We recorded headache frequency in days/month, duration in hours (for HY only, this was categorized as <1, 1-4, 5-12 and >12 h), and intensity in terms meaning "mild", "moderate" or "severe", which we converted to a numerical rating scale of 1-3 (0 being no pain) and treated as continuous data. We calculated headache-attributed disability at individual level as the product of time in ictal state (itself a product of frequency and duration) and the disability weight (DW) from GBD2013 [29] for the disorder in question. We measured lost productivity from HALT in whole days/3 months, equating, according to accepted methodology [9, 27] , "less than half achieved" to "nothing achieved" and counterbalancing this by equating "more than half" to "everything". We calculated these losses as proportions of total productive time available. For HY, we reckoned productivity yesterday as either zero (less than half or nothing achieved) or 100% (more than half or everything achieved). We analysed WHOQoL-8 by summing the scores for the eight questions (each 1-5, higher scores indicating better QoL).
We calculated odds ratios (ORs) for gender-and agerelated differences. We used chi-squared or Student's t test (one-sided) to assess significance of differences. We regarded p < 0.05 as significant.
Results
Of the 1137 pre-identified participants in the sample, all presumed to be eligible, 573 were available and willing and completed their interviews (participation proportion: 50.4%). 
Burden attributable to headache Symptom burden
The mean frequency of all headache was 5.0 (median 2.5) days/month), mean intensity (on the scale 1-3) was 1.7 (mild to moderate), and mean duration was 10.0 (median 2.0) hours. Table 2 shows "usual" frequency, intensity and duration by headache type and, for migraine and TTH, by gender. Migraine was reportedly more frequent than TTH (4.4 versus 2.7 days/month), and also more intense (mean 2.1 [moderate pain] versus 1.4 [mild pain]) and longer lasting (13.0 versus 6.7 h, although with wide variation). The only significant gender difference was in migraine duration (males 4.5 h, females 12.6; Student's t-test, 2-sided: p = 0.0003).
Both pMOH and other headache on ≥15 days/month were, of course, far more frequent ( Table 2 ). Intensity of pMOH was moderate to severe (mean 2.4) and of other headache on ≥15 days/month somewhat less (mean 1.8), but both types were moderate in most cases (median 2). For migraine, these values were (4.4/30)*(11.0/24)*100, equating to 6.7%. Applying the disability weight (DW) of 0.441 for migraine from GBD2013 [29] , we can calculate a mean disability per person with migraine of 3.0% (that is, each person loses the equivalent of 3.0/100 healthy life years). For TTH, with a DW of 0.037 [29] 
Loss productive time
The HALT questionnaire captured headache-attributed lost time from paid and household work (calculated as whole days: see Methods), and missed social occasions, during the preceding 3 months [27] . Table 3 shows the findings from this enquiry by headache type and gender.
Here it should be noted that all but four of the 24 medians were 0, indicating on the one hand that most participants with headache lost no productive time and missed no social occasions and on the other that distributions among those who did were highly skewed, with especially badly-affected minorities. This said, mean total lost productive time from migraine was 7.3 days in males and 6.8 days in females; losses from TTH were much less (1.7 and 2.1 days respectively). Gender differences were generally small (numbers with pMOH and other headache on ≥15 days/month were too small to draw conclusions).
Assuming there were 65 (5*13) paid workdays in the preceding 3 months, the lost times from paid work attributable to migraine represented 4.5% (2.9/65) of all paid workdays in males and 3.5% (2.3/65) in females. Proportions lost from household work are less easily calculated: arguably there are 90 (3*30) potential days of household work in 3 months, but, if 65 of these are counted among paid workdays, it is also arguable that there are only 25. In the former case, losses were 4.7% (4.2/90) and 5.0% (4.5/90); in the latter 16.8% (4.2/25) and 18.0% (4.5/25). Lost times from paid work attributable to TTH were only 0.7% in both males and females. Much higher losses of 8-22 days were attributed to pMOH and other headache on ≥15 days/month. Lost times from paid work attributable to all headache were 1.8% (1.2/65) in males and 2.3% (1.5/65) in females. Lost social occasions were few, although these numbers were dependent on social occasions being planned in the first place (data not collected).
Headache yesterday
Of the 70 reports of HY, one third were in participants with pMOH (n = 10) or other headache on ≥15 days/ month (n = 13). We could identify headache type in 37 others (migraine n = 19, TTH n = 18), either because the participants had only one headache type or because HY was typical of their most bothersome (and therefore diagnosed) headache. These numbers were insufficient to support burden estimates from HY by headache type.
HY was mostly moderate (mean intensity 1.9 on the scale 1-3) and mostly of short duration (<4 h), although 11 participants reported >12 h. Nevertheless, HY was associated with substantial lost productivity: 30 (42.9%) of the participants with HY achieved less than half, or nothing, of whatever they had planned. Counting yesterday in such cases as a wholly lost day, these amounted to an overall lost productivity yesterday of 5.2% (30/573). Of the 33 participants with HY for whom yesterday had been a workday, 10 (30.3%) had achieved less than half or nothing of what they had expected (four taking sick leave for the whole day). These cases amounted to lost productivity from paid work yesterday of 1.7% (10/573).
Quality of life
Participants reporting no headache in the preceding year had a mean WHOQoL-8 summed score of 29.3 ± 5.8 (possible range 8-40). All headache types were associated with diminutions, which were significant for all but TTH. Participants with migraine scored 27.1 ± 6.0 (Student's t-test, 2-sided: p = 0.0025 versus no headache), those with TTH 28.4 ± 6.0 (p = 0.126), those with pMOH 25.8 ± 4.8 (p = 0.0048) and those with other headache on ≥15 days/month 24.9 ± 4.8 (p < 0.0001).
Discussion
As has been the case with all LTB studies, this population-based survey has revealed a lot of headache and much attributed burden. Almost three quarters (74.7%) of the Lithuanian population have a headache disorder of some type: migraine in 18.8% and TTH in 42.2%. These findings are considerably higher than global estimates of 14.7 and 20.8% from GBD studies [11] [12] [13] , but within the ranges of studies using similar methodology [10] . We note that the GBD estimates are lowered by inclusion of studies using variable and sometimes questionable methods, and in some cases different diagnostic criteria [15] . In other words, these disorders are as common in Lithuania as everywhere else.
The relationships between headache and age are in line with expectations: both migraine and TTH are significantly less prevalent after 55 years. Migraine is strongly associated with female gender, again as expected. Migraine attacks reportedly lasted for much longer in females than in males (12.6 versus 4.5 h), a difference probably due largely to menstrually-related attacks. However, the medians were only 5 and 2.75 h respectively, and lower quartiles only 2 h in both genders, suggesting many attacks were truncated by treatment.
Notably, and of clear public-health concern, 3.2% of the population have pMOH. Although the prevalence of pMOH varies widely around the world, this is double the best global estimate of about 1.5% [30] ; as will be seen, however, it is not an outlier. This disorder, too, is associated with female gender. More alarmingly, a total of 8.6% of the population have headache on ≥15 days/ month -very high, but again not an outlier. These types of highly-frequent headache contribute substantially to the probability of HY and, in our sample, 11.5% reported HY. There was nothing special about "yesterday": it was the day before the interviewer happened to call, and might have been any day since the interviewers worked all days of the week; therefore, this finding implies that, on any day in Lithuania, a similar proportion, about one person in nine, have headache.
To add to their public-health significance, all headache types except TTH are associated with significantly diminished QoL. They are the cause of a range of other ill-health burdens. Although headache was moderate overall, mean duration was 10.0 h. People affected by headache spend 6.9% of all their time -more than one day in every 15 -in the ictal state (ie, with headache). For migraine it is a similar 6.7%, with an attendant disability equivalent to the loss of 3.0/100 healthy life years. Disability from TTH is much lower (0.09%), but from pMOH it is, as expected (although this estimate is based on small numbers), much higher (equivalent to the loss of 6.7/100 healthy life years).
For migraine and pMOH, these are very important penalties in lost years, incurred by those affected. Furthermore, disability translates into lost productivity. While most participants lost no productive time due to headache, and missed no social occasions, there were badly-affected minorities whose losses were substantial. As a result, mean per-person lost times from paid work attributable to migraine were 4.5% in males and 3.5% in females. These are somewhat higher than the 3.0% disability estimate, and considerable. Proportions of time lost from household work were even higher (4.7-16.8% and 5.0-18.0% respectively, depending on how these were calculated), probably reflecting the more optional nature of household work compared with paid work. The finding that lost productivity exceeds disability estimated from time spent with headache is usual, and suggests that the disabling effect of migraine in fact outlasts headache.
These individual losses allow estimates of the corresponding losses at population level. Males with migraine, losing on average 4.5% of their paid worktime, and being 9.7% of all males aged 18-65 years (effectively the working population), consequently account for 0.44% (4.5%*9.7%) lost productivity among the entire male workforce. Females with migraine, being 28.0% of all females of this age, likewise account for 1.0% (3.5%*28.0%) lost productivity among the entire female workforce. If the two genders are in equal numbers among the workforce, the losses overall are 0.7%, which may translate directly into lost gross domestic product (GDP).
The other (household) work losses to migraine are similar if based on a denominator of 90 days: 0.46 and 1.4% among all males and all females respectively. But if the denominator is 25 days, they are 1.6 and 5.0%. It is never clear what exactly people include in "household work", or how time engaged in it should be valued in comparison with paid worktime, but it certainly contributes to a nation's economy.
Lost times at individual level due to TTH were much less, but to pMOH and other headache on ≥15 days/ month much greater. At population level, lost paid worktime for those with TTH can likewise be estimated at 0.3% (0.7*42.2%) overall, and those for pMOH or other headache on ≥15 days/month (very approximately from small numbers) at 0.5%. In total, from all headache types, lost productivity among the entire workforce was 1.2% (1.8%*65.8%) for males and 1.9% (2.3%*83.6%) for females. The average of 1.5% is the total potential loss to GDP from all headache.
HY offers an alternative and corroborating means of estimation. In the first place, its reported prevalence of 12.2% can be directly compared with the predicted 1-day prevalence of headache, which is the product of the observed 1-year prevalence (76.3%) and the mean probability of headache on any particular day among those with a headache disorder. The latter is calculated from the mean frequency: 5.0 days/month indicates a probability of 0.17 (5.0/30). The product of 12.7% is highly compatible with the reported prevalence of HY, suggesting very little recall error in the reporting of frequency over the last 3 months. In the second place, we calculated lost productivity from paid work yesterday of 1.7%. As noted above, there was nothing special about "yesterday", so this finding for HY seems likely to apply to every workday. This lost-productivity estimate is based on relatively small numbers, but its very close similarity to the 1.5% above generates confidence in the latter.
The limitations of this study are, to some extent, those of the Eurolight Project itself, which was "a very large and organizationally complex study, involving multiple collaborating partners (academic and lay) in ten countries [making] pragmatic methodological compromises in order to complete it" [31] . Eurolight also had considerable strengths: a questionnaire closely derived from the HARDSHIP questionnaire [9] , and therefore validated in many different countries, cultures and translations; neutral screening questions expected to lead to better ascertainment than questions incorporating degrees of frequency or severity [8] ; and diagnoses made according to a standard algorithm also widely used [9] . Nevertheless, Eurolight could not undertake further diagnostic validation in each of the translations it used, so diagnostic accuracy was not directly assessed. This was one limitation here, although we believe the instrument was reliable in view of its successful use elsewhere [9, 10] , and cite, as evidence of this, the expected gender differential observed in migraine and pMOH but not TTH. The use of different sampling methods in Eurolight [22, 31] was not a limitation here, since sampling in Lithuania was population-based. While we sampled only from Kaunas region, Lithuania is a small and rather homogeneous country. More problematic was the rather small sample size of 1137, further diminished to 573 by participation of only 50.4%. Non-participants included those who had been selected but were not present on at least two visits to the household, and those declining to be interviewed (we did not seek reasons for refusal). The final value of N is above the 500 advised minimum for burden-of-headache studies [8] , but the penalty is that estimates have relatively wide CIs. Additionally, although participation was much better in Lithuania than in Eurolight as a whole (27.5% on average, in those countries in which it was calculable [31] ), there was still some probability of participation bias [8] . Nonetheless, the participating sample were representative for age, gender and rural/urban distribution of Lithuania's population.
With these limitations in mind, which may not be so important to health policy, it is worth comparing Lithuania with Russia. This nearby country differs ethnically from the very much smaller Lithuania, but LTB's nationwide population-based study in Russia used similar methodology and the HARDSHIP questionnaire [20, 21] . It was a larger study (N = 2,725), with a participating proportion of 74.3% (n = 2,025) [20] . The gender-adjusted 1-year prevalences were 20.8% for migraine (compared with 18.8% for Lithuania), 30.8% for TTH (42.2% for Lithuania) and 10.4% for all headache on ≥15 days/month (8.6% for Lithuania) [20] . Except for TTH, these differences are within the bounds of our uncertainty limits. The very high prevalence of headache on ≥15 days/month in Russia (10.4%) was largely behind the very high prevalence of HY (14.5%) [21] . A similar situation pertains in Lithuania: both these prevalences are only about 20% lower (8.6% and 12.2%). Where the countries differ is in pMOH: among the 10.4% in Russia with headache on ≥15 days/month, 68.1% were overusing acute medication [20] , giving rise to an estimated prevalence of pMOH of 7.1% against Lithuania's 3.2%. Cost of headache to GDP in Russia was estimated at 1.75% [32] , similar to (given the uncertainty limits), and supporting, the 1.5-1.7% suggested in Lithuania.
We can also compare with Georgia [18, 19] , although the study here (the first supported by LTB) uniquely used a different questionnaire [33] . Like Lithuania, Georgia is a small European country, formerly part of the USSR, but it otherwise differs from Lithuania historically, ethnically and culturally. Furthermore, unlike Lithuania, which has developed rapidly since 2000 to high-income status, Georgia has remained in the lower-middle income category of countries [34] . Georgia had a larger participating sample of 1145, of whom 15.6% were diagnosed with migraine, 37.3% with TTH and 7.6% with any headache on ≥15 days/month (including, perhaps, 0.9% with pMOH) [18] . These numbers are all lower than those in Lithuania, but (except for pMOH, which may have been underestimated in Georgia [unpublished data]) only by small and non-significant margins, and these may be attributable to the different diagnostic instrument. All three countries (Lithuania, Russia and Georgia) are remarkable for the high prevalence of headache on ≥15 days/month, which calls for investigation.
Conclusions
Eurolight is not, generally, a source of reliable epidemiological data, and not designed to generate national estimates [31] . This population-based survey from Lithuania, however, was by far the most methodologically sound of the studies contributing to it. Despite the limitations mentioned, it does therefore provide a picture of headache in the country. As elsewhere, it is not a happy picture. The symptom, disability, lost-productivity and impaired-QoL burdens signal substantial ill-health, and therefore unmet need for health care [14] . This is a message that has been repeated to policy-makers in countries all over the world [34] , but here, from this study, is empirical evidence to underpin it in Lithuania.
As in other countries, the high impact on individuals is matched by high economic burden; both are unmitigated by failures in health care. Health policy in Lithuania must take note of these findings, and of WHO's advice that effective treatment of headache is desirable not only for its health benefits but also because it is likely to be costsaving [35] . There are recommendations, for Europe, on the organisation of headache services to meet need [36] .
